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i (54) Improvements in or relating to integrated circuit device packages 



! (57) An integrated circuit device package is (!) pro- 
vided which incorporates one or more differential pairs 
!(20) of signal lines; coupled to an integrated circuit 
, device. The differential pairs each include a first signal 
} line (21) and a second signal line (22). The first signal 
*■ lines are non-coplanar with the second signal lines. The 
J first signal lines of the differential pairs may be provided 
; in a first plane. The second signal lines of the differential 
■ pairs may be provided in a second plane different from 



the first plane. A first ground plane (51) is provided adja- 
cent the first signal lines and a second ground plane 
(52) is provided adjacent the second signah lines. The 
spacing of respective signal lines provides, aijnong other 
things.-the capability of having a greater dehsity of dif- 
ferential pairs of signal lines within;the planar area of an 
integrated circuit device package. . j 
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Description ■' r 1 <• - 

TECHNICAL-FIELD OF THE INVENTION ■ 

This invention generally relates to integrated circuit 
1 device packages and. more particularly, to differential 
pair signal lines for integrated circuit device packages. 

BACKGROUND OF THE . INVENTION =- 

' --Integrated* circuit device packages are commonly 
arranged in a particular configuration-on a printed circuit 
board in order -io perform adesired:e!ectronic function. 

The integrated circuit device package may.-include an 
integrated 'circuit device with . one or more stgnaWines 
electrically' coupl'edMc thE-'circuitry-iofnthe idevice. The 
signal lines' carry information from the-.-device to one or 
more other components on the printed ctrcuit boardrand 

'carry information fromlhe.othencomponents back to the 
device: -This is typically known as ian input/output for I/O 
function. »;s •.. ■ m : .... v -m , 

In prior integrated circuit device packages, a single, 
discrete signal line. was dedicated to "carrying informa- 
tion from the device to other components. A separate 

^single^rahsmission line-was dedicated to carrying infor- . 
mation to the device. A disadvantage cf- having, discreet 
input and output 1 signal lines ; is tftat^for*'a>given fine, 
noise- from external sources can beiintroduced into the 
circuit by way' of the signahline: In- genera!, .noise is 
undesirable because it degrades the signal being car- 
ried by the signal line.^ ! \v-.- ; "< r- -»» r 

: One method for dealing, with-the problem of noise is 
to produce signals" at ^relatively -high ivoltage (e.g., of 

-the'orde'r of 'about five volts) so that>th'e signal will be 
" easily distinguishable frorrrthe noise. 'Integrated circuits 
are being designed, however, fo'operat'e attiigher and 

-higher "speeds ■ Therefore^it is desirable to: have a faster 

'•rise time fronr a- state in i which . there is no signal to a 
state in whicKlhe signal exists at 'a functional 'level. The 
need for higher speeds and faster rise times is due in 
part to the r incfeasing; signal frequency at which inte- 
grated" circuts' are' 'being designed >to -operate. One 
method of improving; rise time is^ to lowerUhe voltage 
value for a 'signal: f or examplev-if signal voltage is of the 
order of about one volt, a faster rise time will be 
achieved' than* if 'thVsignal' voltage- is 'of the' order of 
about five volts. One problem with using lower voltages, 
however," is that hbise i: on the circuit is harder :to distin- 

' guish from the signal being transmitted through ;the cir- 
cuit: '■' ; ' - ' r-r-> - ; ' ! ; 
! '•'A'hWthoo fdr overcoming this problem is >to use dif- 
ferential paifs^ of- signal lines to achieve the input/output 
function: in such a system, "k pair of lines is provided in 
which one of the lines receives information' and the 

■ other-line transmits information. With a differential pair, 
the same- signal ms traveling through both lines" except 

: ' that the polarities 'of the lines are opposite 'each other. In 
this cohfiguration/thd noise value" on one line will cancel 



. f ;iput,thG nojs%yalue on the other line of the pair,. thereby 

achieving noise isolation. -■. s ' . . , , 
-<c,^ : rfK typical integrated circuit device package using dif- 
ferentia! pairs of signal lines is limited in. the number of 
s lines-wruch can be incorporated into the package. Afac- 
tor; which limits -the number, of. lines js_,tt]e impedance 
-• characteristic of the differential pair,. Impedance in an 
. electrical, circuit must be controlled and is typically set at 
. a predetermined yalue, r Tne impedance level. of ; an inte- 
w .grated circuit device package and, therefore, pf differen- 
o, :.tial pairs within an integrated. circuit device package will 
, be dictated t by the. electronic ; c|eyice .incorporating the 
..integrated circuit deyice^ckage.Jmpedarice is gener- 
ally a function, of line width, line.hejght, and separation 
is : |Of,rthe,|ineS;f rom one .another jn. ;a differential pair. Also 

- contributing jto .a particular imp.edance is the.distance 
; vfrom a signal lineup a ground plane within the. integrated 

circuit device package. ,-Typical integrated circuit device 
packages which incorporate differential pairs of signal 
S0)- A lines are formed, such that, the two ,s<snaj. lines which 
„ r .makejup a r given Differential pair iC a.r,e coplanar.jrhat is, 

- the: pair of lines exists in one, plane whicjji, is (parallel to 
:;r i; ! the plane ; def ined by ^ 

? ^ age. Typically, a ground plane is provided, in a separate 
25 t plane which is differentfrorn, theplane pf'the ; differential 

pair. ' , ;r ,» or; , r" - tt r<ny: 

c .-. rT -.-Because ^impedance t is . affected, by the space 
... ; between pairs^and .the space between the. two lines of a 
•••• ..given, pair, the typical Jntegrated circuit devipe package 
3p,« ..is-.limitep; in (| ^e f nujmber ,of,differentjal pairs, whic^.rtiay 

- %i! be prwided^witr^in, a ; giyen .area of an jntegrated cjrcuit 

device package^One, solution is tpmake the lines them- 
selves smaller, thereby allowing more pairs to coexist in 
^giy.en -plane;,, However, ... the- capabilities within the 
35 iindustry^. inr.thrs v respect are,.,limited. : Even, using , the 
smallest wires that are available in industry, .. it is desira- 
; .i-bleito.be^able-.to haye more pairs of signal lihes,within a 
.I - . given planarr : area of an integrated .circuit ^evice. pack- 
er;; age. Also, deyelopingand producing smaller lines of dif^ 
40:rv ferenttal pairs*is costly.. Further,, - iff, a. jinejs designed to 
be too small,- then the Jine might not adeauately, carry a 

■ y signal, and: may ibecome more susceptible to damage or 
. . \\ deterioration.;! •-,?< - \ i% , . f , , , c , .-. v : 

45. :SUMM.AR^OFTHE INVENTION. n „, ^ - r J 

]f,*r2iC It'is an object of the present invention, .therefore, to 
■ : - sol ve , these ; and other shortcomings of prior, integrated 

■ - v circuit- device: packages, incorporating., differential . pairs 
so :/.of signal-lines.- • \- ti , :i - y. ^ v j ,\ .. , 

.-. !, lt is.-ancther object ofrthe present invention-to pro- 
; L.vide an integrated circuit device package, incorporating 
.. us- differential pairs of signal lines in which greater, numbers 
■.I- : of differential pairs may be provided within, the area of a 
55 - . given integrated circuit device package, i . 
' ;. . H is 'another objectof the present, invention :to pro- 
^ vide, an -Integrated icircuit; idevice.; package haying a 
greater density of differential pairs of signaUines without 



'substantially increasing the 1 cost of manu'fa'cft/rV + r% the 
integrated circuit device package. .-""VvtMr^, 
: " According to "a 'first embodiment of 'the present 

0 invention, an integrated circuit device {■jackage' is' r pro- 
'vided which' ihcludes an integrated circuit 1 device.' At 
least one differential pair of signallines Is connected to 

' the integrated circuit device. The at least one differential 
pair includes a first signal' line,' and a second signal line 
whicri is rion-coplanar witfvthe first signal linev 1 " *'i ! " 
According' to one' aspect ' the'- package defines a 

" plane. The first signal line is disposed within a first plane 
"paralPel to'the p'laheof the package: The second signal 
line is disposed 1 within a second' plane parallel to the 
pla'ne of the package and 'spac'ed' from the first plane. 
According 'to another asp'ecti'the : first arid secondsignah 
jjrtes 1 are disposed aT'different 1 levels with respecrto a 
thickness Of the package 1 - "According to another aspect, 
trie first knd secdhd 'sitjnfal lines are each intersected by 
' a cdmmon nor rtial r irf th e* j5ackag e .' ' "'■''•* ^ ' 
' ' ThW integrated circuit device^afekatfe" may include 
a 1 plurality ordifreTeritial pairs, each having a first and a 

* 1 second signal 1 in ef. 1 'At 'least bWof'the firWt signal lines is 
non-dopiahar'' r with at ,; leasrdrie f 'of i he' 'second signal 
hrie£ At least orieof the 'fh'st'sigr^riirT^s^and aTteast 

'"'ohe'of the' second' signal 'lihes'may be'ihterbebted'by a 
common normal of the package. i 
b c The Irrte^rafed cirduif - device 'pacfoge-'ifcay also 
include 6rW Or IttcW ^6und' r planeg. n Preferably,- the 
" package? ■mdudeS^aV'lefet-tWb^ground ptanesV- A' first 
f ,rr gf6urid plane rriay : be provided at^aSeVit'thte *irs^ signal - 

* iine andVsetfbhd ground pla'ne rite'yfce'^foxrkJed a'dja- 
v cenf the secbricf signal line. -Thelground planes-maty be 
icbhnectedby vias. - ,f? * - - ' * r *^> 

1 ' '- : Accordirig tb ! a seconcV'erhbddi merit of fhe^present 
' invention; ah integrated 'circuit device i'fjackage^ftnfdudesf 
' aft i'htegratecl tiircuif device.- The £ackage'a1so i: infcludes 

a' firsf 'differehtlai" pair of ^ignalMirfes* electridalry^fcon- 
' hected to ihe f integrated Circuit dev^c^ and 1 a : second dif- 
:l ' ferentiar pkirof sigrtaPlin'es eleV^rieally connected!*) the 

integrated' circuit device- The first differential pair >is non- 

* 'coplariar Wrth f the"secondT]iffereYrtial pair. '"■ 

' :* The firsf and 'second differential pail's may beinter- 
sected by a common normal of the package; Tfre first 
differential pair may be spaced along the common nor- 
mal from the secdriddiffefeWial^air. Bach t>f fhe'differv 
ential pairs includes two non-coplanar signal lines. 
■ 1 1 According' lb 1 a'thfrd 1 erhbodime'rit of the present 
'•' ihv^Wtion, l a method for assembling; -art integrated circuit 
J devicfe'pac1<a'ge t is'provided.-The method includes sev- 
eral steps. A first layer is formed fronVarV encapsulation 
" material' A' second fdyerc^-'a Conductive 'iniaterial is 
"-forYnedover the first'layer.-A'thfrd layer of an encapsula- 
tion' material is 'formed over the ■second ^ayer.'- A. fourth 
layer of a cc^xiuctive rrmtdrialMncluding^ first signal line 
is formed over the third tayer. A fifth layer of'anencapsu- 
,; lati6n material is formed over : the (fourth layer. A sixth 
"-' layer of a- conductive material -and including as&econd 
,!f signariinVis formed over the fifth l layer->?> .-,-!.- . 



A seventh layer of an encapsulation material may 
be formed over the sixth layer. An eighth layer of a con- . 
ductive material may be formed on the seventh layer. A 
ninth layer of an encapsulation material may be formed 
5 ,on the eighth layer,. The first and second-signal lines 
, -may be intersected by a common normal of the pack- 
age. - Jt - " i ' , , W ( ; , <. , . 

A technical advantage of the present invention is 
that it increases the number of differential pairs of signal 
10 lines which may be provided within a given planar area 
as compared toiprion integrated circuit device packages. 

Another technical advantage of -the presentjnven- 
tion is that' greater numbers ottdifferential pairs of; signal 
lines' mays- be provided in-an integrated- ojrcuit, device 
is- package without decreasing the size, of theisignal lines. 
' • v. Another technical advantage of the present inven- 
■ tion is improved electrical isolation from cress. talk,noise 
' betweennsignaUpairs- r • ■ r ■ ; i ■•..*■,!-«!■, ^ <o< 

• Other aspects;-'features and technical advantages 
20 of Represent inventtomiwill be t readily apparent tojthose 
having ordinary skill in the relevant art. ;».!' 

f'BfllE^'OESCRIPTlONiOF THE DRAWINGS .- 

25- • ' For B'mofe Oomplete undeiistandi ng-.pt ^tbe; present 
• ''->'•■• invention and ;for ; -advantages thereof,!. reference . is ■ now 
■ madetto^thei following description, taken. jn..co,njunction 
' with theraicompanying^drawings, wherein Hike* reference 
^numerals-represenfelike parts, m-wWcrv:, a v ,i, >< 

FIGURE 1 is a planar viewjrof an integrated. circuit 
::i i device package iin accordance with-:a first embodi- 
t , r -'merrtof theipresent inyention; !.-, ■ — . ; - f c ; . 
^ .i :'■ . ? FIGUREi Sfrsia cross-section of the. integrated icir- 
35 ■•-■> icuitdevice package -of FIGUR& 1 .taken, along lines 
i- v>&2 in FIGURE \1; v vf i -v • • 
- 1 ■ FIGURE 3 ia.a cross seclion-of an^integrated,circuit 
x <.j :*.r devise package- in accordance, with an alternative 
: = T ' feature 'of the first jembodirnent oMhe* present jnyen- 
40< \. .''^ tion; 1 i* ^ • i - f -, r> . ~ * ;• 

• . » FIGURE- 4. is across section ot an, integrated. circuit 
r-r >0 'i* device package, according t to^a5egond:?n?bodiment 

oMhepresentinvention*,and 1V ,-(■;„. 

- ; - : ■ FjIGURErS- shows a^balKgrid array ^package. : 

.'DETAJLED>DESCeiPTIQN. OF THE INVENTION , 

'J.'.y-yi '. int.. • • \ nd' > %w~ • ' /■ . 

o n: In: -general, the presentjinventipn- provides a differ- 
ential pair igeometry^for flowing, greater nurribers o} dif- 

so ferential pairs of input/output signal lines to be provided 
within a given arearpf an integrated circutf device pack- 

;:>o'iage. <The two lines in -each; of the pairs s^re offset from 

\i " -ieach;. other, : and are .disposed: in separ^ e . plapes as 
opposed td being coplapar. . - „ jr , „ >- t . 

55 . As shown in FIGURE,;!., a device package,.!. com-, 
prises a device 1 0 having at least one differentia! pair 20 

.1 of signaUines electrically- coupled M tp. device r 1p and 
v extending therefrom. Preferably, a plurality of differential 
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pairs 20 of.signal.ljnes is incorporated into package 1. 
The device 10 and a portion of the signal lines -may ,be 
encapsulated in a t dielectric 30. The.deyiceJQ^may be 
; any-typical integrated circuit device whiph. can j pe i r,fgrrn 
.any.desired electrical function. Preferably,. device ,10 is . 
t of a type suitable for high speed performance. The sig- 
nal lines are provided in diff erential. pairs. 20. to. provide 
an . input/output, function for .device, TO relative to other 
components ,{not shown) which are.electricajjy cpupjed 
i.Xp package 1 ., Device ; 1 0,and the other components may 
,be .disposed for example, j; qn a ( printer circuit hoard (not 
shown). Dielectric 30 may comprise any suitable dielec- 
:j tric.suc^ as pqlyjmide, ER4™, .BT™ r f esins or a ceramic. 
r, i , j iThis* arrangement ( may< be ; used wherever jdifferen- 
ntial: pairs., o^signalr.lines are proyided. This includes, .for- 
example.-use with ! wire bonded orrflip-deyice-type inte- 
^gratedjCircuit device packages; Also, .the. differential, pair 
■ geometry may be^usedjn conjunctipr>,,witliv,any. ; type of 
amounting arrangement relating. to^tlje^ rqounting ,of r the 
(..integrated-- circuit device package, to f a:. printed ^circuit 
board. ; This ^includes., for,, example. :bal[rgrid:.array, .pin 
~.;grid;array, or surface mounted : pe|tpheral packages. 
5 :^:As<seen-.jn FIGUREj 2 r r each ; differ i ential; pair ; 20 
^includes at least one ,firsts.ign,aMine ^iand-at least one 
r j jsecond ; « signals :line 22- Th%«sigr^Klines r qf^ s 
: .pairs 20 ^ may comprise copper or any other conductive 
metal. Thue, a plurality of first signal lines 21 and a plu- 
rality of second signal lines 22 are preferablyjprqyided. 
The signal lines may be electrically connected to device 
10 r fon exarnple.-at bond pads (not shown). of^evics^O.- 
Although the packaged has a thickness (e.g., as 
designated by dimension "t"? in BiGURE 2), ^package 1 0 
;;may be,yiewedas L defining. apiary (For example, pack- 
; age 1 has'a first side. surface. 1V;anda-second side sur- 
face? -12; which: :;are.v;Ccr)nectedii- to- ^eacj}^ other by a.- 
i pperimeter, surface < 13. Preferably; -the first and second 
r-sJde-.surfeces .1 1 and;;12^r : e, : plane.&aod. parallel to the 
plane defined by the package 1 . The planar area of the 
package rs the area of: eitherfirst or, second side surface 
• 11. or •12:..-- i,; . : :]<;, 

f;;--; Each oft the lirsi^signal -lines- 2^ js/ preferably dis- 
posed ima* first -plane « and each nofithei second signal 
'. lines 22 istdisposediin a second planeidifferentjrom the 
"ifirst= plane. Thetfirstiand second:planes are preferably 
parallel to each other and to the plane of ^integrated i 
circuit device package. Therefore, the first and second 
planes are" each parallel to-the first apd^second sidesur- 
faceslVand-lfi^ v^mi :o>.- 

: -RFeferabLy.for each differential pair.2Q, >the first and 
second signal lines 21 and 22 are both intersected by a- 
'common normahto^-the package -.1. For -^example, as 
: 'shown in FIGURE 2, the first and second lines of a dif- 
ferential pair are shown being intersected by a normal 
N-N of package 1 . 
!' "*!A first-ground plane 51 is provided adjacent the first 
signal iines 2V and a second ground plane,52 is pro- 
vided adjacent the second signal lines 22. Preferably, 
first ground plane 51 and second ground plane 52 are 



y!j£qup!e!d iaeach.pther by.way of one or more yias 53,but 
- fl ,are isolated frpm the respective signal, itnes.pf the differ- 
,^sntial pairs ,20. Preferably, yias are provided in package 
.gj^toMptercpnneet first and second ground planes 51, and 
5 ?r 52, ; Optipnally, -first and second ground plains 5.1 and 52 
may jointly .terminate, for. example, aUhe, bond .pads of 
-device JO, ..Preferably, first signal. lines 21 are t dis- 
. .-.posed between: first ground plane 51 , and second signal 
- ;ljnes-22.j?.referably 1 second signal Jines 22 are.disppsed 
betyyeen tirst signal lines.2.1 ^and second ground, : p!ane 
: 52. : . ; Ground planes 51 and, 52 .provide^ ground, carry a 
ground current to the device 10 and establish system 
impedance (together, with other factors such as" line 
widtrVand separation)!. /",..'/,,./' V ...... 

*5 The jirst lines ,2 1 dp not necessarily each have to be 
; . disppsed v . within, a f single, plane.. Similarly, the second 
tines r 22 do not have to.be disposed in. the same plane. 
r, n .Greater-, numbers, of .diff erential pairs 20 canbe provided 
a, .within the. planar^ area of, .the. package. 1. as'lpnp, } as." ( the 
2<^, .first) lines, 21 : are.got.copjanar f witf),the second lines 22. 
5 .... Jfpr ( example,. as ehqwn jn^F IGU FpE , 3, ,fo/| a. gi'yen dffer- 

.f, K enjtial pair^the^ first Ijne 2,1. is/]pcated/a i t;a.fir.sf level within 
..Jtl t e ; thickness ,.pf . the integrated' circuit ( device package 
anp: jthe second iine,22 f is-'located, at a secojict leveljdif- 
^{.Je^erjtjrom the first jevel. However'aH.qf trjejjrsi jines 21 
f: - are.riotjn a, single. piane/. apfj .aljkgi ^he^ s^ecpnd ji.^ 22 
; : ...are Jikewjse f not ip a 'single ( pjane r f=referabiy,. ) tor . eacn 
;:v .difjerentiaJ^air^Q, f t^ejirst t ancL second Jines r are^ still 
;0 ; inte^eGted % b>{- ; a. common qprmal^e.g.. N-jsi ,in. FIGURE 
30 3) of the package 1. " f 

- ; ,;.:r As showpi in FIGURE. .4,. an integrated t cir ( cuit device 
.^-.u^aGkag^ipo is .provided which. includes, .two layers of 
, : . - the type ; djspusse4 f aboy,e> laco^nectipn^with FIGURES 
, JV :^3 fa lRteoEai.ed}Circuit.deyice package ^'00 has difjeren- 
35^ (; .iial .pair^-of. signal. I jnes J; 120 (i extendi rig there f rom r /in a 
^v.-ifjrsj.iayer J f 1 t -1 , .the differential, pairs jndude v f ir^st.signal 
:; JineSu J2II; jand, second o signal ( , lines. : ,1 22. r A firstgrqund 
. , planeJ^Vi^ di^ signal Jines 1.21 and 

. ; a,secpnd groijn^ plane; 152 is proyi^ed.adjacer^ second 
4^ yr signal ( Jin : es,122.. ! Preferably, first sjgnaj Jine,s J 2 J .are dis- 
j Fll] posed be.tweenjfifstjgrqurdjplane.flSl.a second : sig- 
.' r ; .-,rM iines K l 22. r First and second, ground, pianes, may be 
0 lC cpnneGtedjby,way of one .qr more^yias 155.. .-» , ^ -j 
■ sri; ;i - vIn : .-a-:§econd-:. layer , : 1 1 2. l!; the» differential pairs^ 120 
45 .^jneludeiihirdsignal.lines ;123 and s fqurth signaLlines.124. 
- i »A tjiird : ,gfoundcp!ane 153 is disposed adjacent] third sig- 
.->-nal ( Jines > 1 ; 23 : and.% fourth ground plane .1 54 ( is disposed 
: . v./ adjacent -jqurth iSignal Jines.,124. Preferably ?! .third f signal 
..lArilines-jl^Sjare disposed betweenlhirdgrpun^pjane 153 
5C)> ;aix^ .fourth, .signal, lines .^124; ;> Preferably, jtourtri,. signal 
, rlines ^124, are;dis^qsed._beM;een^thi^ lines, 123 
c and, fourth ground plane 1 54 ? cTrl.lrd ; and . fourfh .ground 
a i planes-1,53 and 15^ may be.connected by qne,or,more 

t,vias,156 t ,;jf-. ; , : : ■=»*. ; » i-n o : ■ iin: 
ss.-iu v .-The signal: lines 121. ,.1.22, -123, 124 are electrically 
f...ccnn.ected at. on e ; end : tOja device ;(not ; shown)_as with 
r ^jj the previous embodiment. These componentSj are pref- 
^bQrably encapsulated in, a dieleGtric ;130. : SeQpnd,and 
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thtrd ground planes 152' and TS^may^be 1 eMe'&trrcally 
-connected each other by way' of brie br B m6re ' vias 
160." Other layers may be stacked in 4He mdhrieV b'f foy- 
' ers~1 1 V and 1'12. AccordingTto another aspect', thfe r inte- 
grate^ ''circuit device package 10*0* 'may'/fertso^be 
reconfigured so "that the ground planes' 'existing between 
^respective layers, for example, grouncf plahes^ 1^52 and 
""1 53 are replaced with k a single ground 1 plane. As'wifhttie 
J previous 1 embedment, the ground plabes' may- comprise 
the'sarrie' material as 1 - the signal lines (e.gvbopper) or 
v s6me;btHer cbrlductive material different frbmlhat used 
"'for the sigYral lines"! ~ • '' * !Uj r 

As shown in FIGtiifts'S'/a ball grid array package 
includes at least one differential pair' of 'riori-coplaViar 
! . signal lines. A;drfferentidl pair of signal lines comprises 
: first and second signal lines :J 22l and~222;S/vhicH are? ori- 
' entedas descVibed-above. The lines ar"e' intersected' by 
r " a comrYib'n normal bf the package aSoppdsed'tort^eing 
1 in'a &de-b£-side cbnf fguf ation; In-other 1 Words 1 ; each* line 
' oHhe ^>air is pfc^idfe iri : separate ( ^ Prefer abiy,' *the 
fiianes of tHe^ibnaTlin&^afe parallel *to eachf other and 
' Vtfa'pt^ 2iu : is f pro- 

" vlcfeb* arid Vpaced laterally -a'p'art *frbm the' signal 1 lines. 
\' First ahff ^ecdhcf ground 1 planes* 251 arid J 252 are pro- 
J vTded^^^aVitSer similar io the previa us embodiments ' 

* aribW^ iritercb^riec'fed by vias 253. \fa§2S4 Iritercon- 
^hWW'firSt and second signal lines '221 %rid 222 ftfsol- 
.' defbijl cbrine'ct'6rs ; 2^0 / wriictv mky : b'ef Gsed' to 5 fcohh ect 
J? the j pafckage to a printed" circuit bbaYoS (not sftowrty, 1 for 

example. / 1 ' : t -' : ; >>v 1 ~ ,c JV Uj 

h M first'layeV is fbrmecfwKicri •corrt^r'ises'W-encapsu- 
latibn.materTal whibft may servers a sUbstrate^dielec- 
J tVic. ,; iViis lay£V 1 protects 1 trie-inner ' bbrnpone'nts' of 'the 
/'package! ^seWhti layer is pVovided' 6Vr; the-ffrst layer. 

* 'The !, sebbhci feyeVcofriprises L a layet ofbo'hdtibftve mate^ 
:, riarwh'ich^kyes as 'the 1 first ground plane. Axthirtfl'ayer 
,l 'is prbvibed on 'the secbna* : iayer, :, The Ihird 'layer r iibm- 
^ prises^We^nbapsula^b^'^atef iar ahcf isblates^the first 

1 groJrid plariefrom thefir&t signal SinesfXfburth layer is 
'' 'provided oh' fhe s third' ia'yef ahd bdmpnses%nbtHer layer 

bf 'cohductlve material ^r1ib'ns j 6f th'^^'uftln teyer^may 
! be renibved 'to- leave" tHe 'first signal lines* bf'the+e&'pec- 
. tive differentraT bairs of signal lines. A fifth' lay^ is' pro - 
- vided 1 bW^tfie' 5 ' fourth- 'layer ; and : 'e^rrfprises the 
/ ^ r enca^s^lattbh , 'rriateria^. f THis , fay'er isolated the J firsft sig- ; 
,n nartries v from the seborid ygnaS'lines. -AJsTxih'ilayer is 
^ provided on thS'fiftH layer/ The sixth layer comprises a 
' ' 'coriSJuttive material, bfwKich portions maybe removed 
" • to leave' ttte'secbnd signal' lines of ith'e respective drffer- 
'•^ential pairs.' A seventh layer- is provided' brf the -sixth 
r layer arid boniprises 1 the eheabstiiatioh 1 rhateriaL'The 

seventh" layer isotaVes the Second 'signal fines ; 'frbfn the 

* sedond- ground plane' J Arf 'eighth i'aye? is proVided -on the 
seventh layer and comprises a conductive 'material to 

■•■ <s e rve as thb' second ground planre I / : A ninth layer is pro- 
: ' 1 vided'bri'thee^bth^apenariclf comprises tne' encapsula- 
tibrv rrVkte'rial-' This* teye^r bdmpletes 'the-'ehcapsulation 
' process and protects the mrier components oMhe pack- 



r arg'e lrorn the 'environment. The various layers may be 
' yi 'provided by a known deposition tecnnique. 
3 " Although a method of assembling the -integrated cir- 
" buif device b'Mckages is providecT^afs 1 example; ah^typi- 
5 bal assbmbly method for integrated circuit device 
package^ 'rVia'y be used so long as trie first signal lines 
are non-bbplariarwith the second signal* lines. Another 
1 example rhethbd bf assembling integrated circuit 'device 
package' is 1 fo' Use a ceramic substrate upon which a 
/o^i'ungsten'fcohductbr is ^rintedr'The printed ceramic sub- 
' "strate is 3 then- fired in a^kiln to cure the iunc/steH coribuc- 
tors. 1 ' ' ■ '' v ' 

the 'different dirin/ensibns of the*'integrated : circuit 
: "cfeVice package such as the^space between the first sig- 
rs 1 ;, nal'line«and r tne second signal' Hne of' a-c/iven- pair, the 
; sbace between differeht l differentiar(bairs, andthe^space 
1 - between ''^veh lines : and their adjacent ^ ground planes 
■ Will. be dic^ated by-the'impedance set for the integrated 
' c '• circuit device' package: This, im'turn^wilhbeidetermined 
2& - ' by^th'e circuit-impedance for the overall- electronic circuit 
■ ' ; ■ incbrpbrating ! the int elated circuit devioe-tfabkage; - 1 

^ Atthdugh-'prefetred' embodiments of the^pi-esent 
c - inv^htibri : 'and* rts advantages 1 'have been described in 
'^'defaii; 5 Jf sH'bijld be ; ' understood -that varf bus' dhanges, 
2$'- sdbsti tutibns^r ; and 'alterations' can be made thereirvwrtb^ 
>vl i5u1 departing 'from the* spirit and ! scope of the'^vention? v 
■■'is * .jj-.n! io;:;:'/ i .- . : ( . ^\U: f ,e y* 1 ■ 
■ '^Claims- 1 1 ^ ' • .- f j/^.'.« c: 

30 c T? " ArtMhte^nated btrCuit dev ice -pipage comprising: 

0* ■;."f:far>electroriic device; and • i. -?ji>.-r K^-ih^ 
-..!jvf jrr^f.ie^st one^iifterential^aif of -signal lilies: con'V." 
m-j %r ■'> h.rfected 'tofth'e irrtegrated^rcuit rdevice;Uhe ;at 
33 - vc; ! r i'cieist''one J diffefentfal pair- including aftrst 'signal' 
h ...^ or |jhe ! &nd a9tontf^na41inej thefiret ; si^ 

>j ii w- b'sihg noi^-boplainar with the second signal line. 

2:-*- The : package >df 'ClairVy ~>i, wherein . the- package 
40 defines a package plane, the first signal line being 
- -di'spoSfed ; substarrtially within a' first p<ane parallel to 
'f? : the package "plane r the ^teeond signal-line bfeing:dis- 
pos^- substantially within atsecond: plane ^parallel 
/V -o ' -to' the patekagef plane and : spaced from _;the"f irst 
4 5-t ( }.E^,fjlane; '<■• ^ri] ,i ^ '•••-i^- y. k. Uur* 
' i, a U •r i , * i-xi.v'-t^ - r.-.*: tziA :-.'"> m . 

^ '3'. 1 =' The package of Claim 1 or 1 Claim 2,-wherein the:f irst 
and second signal lines are disposed at 'different 
> • i- i level s^ with^ respect 1o a thickness, of -the* package. 

''r: 4J- The-package of>any of Claims 1 fto^3, whe/ein the 
" first and.second signal lines'are ^ach intersected by 
; .'f-i> a common nor malof. the package. - ■ 

55- l1 5. The>package of any of Claims '1 toi.4; .wherein the ■ 
" '-i first-and second; signal-lines are substantiallytparal- 



• s 



10 



6. The package of any of Claims 1 to 5, further com- 
prising: . 

a first ground plane adjacent the) first signs! 



line. 



7. The package of Claim 6, wherein the first signal line 
is disposed between the first ground plane; and the 
second signal line. _ _ 

8. The package of Claim 6 or Claim 7,. further compris- 
ing: "| — 

a second ground plane disposed substantially - 
parallel* to the first ground plane' and adjacent 
the second signal -Une, the second signal Jine 
being disposed between the first sig'nal,line.and_ 
the second ground plane. { \ j i j \ 

. ..- ,•; : i'i i ! 

9. The package of Claim 8, wherein the-first and sec- 
ond ground planes are electrically connected by^ 
one or more vias. '* 

1 0. The package of any of Claims 1 to 9, wherein the at 
least one differential pair comprises a plurality of 
differential pairs each including a first and a second 
signal line, at least one of the first signal lines being . 
non-coplanar with at least one of the second signal , 
lines. U 

11. The package of£]aim nQr w^ 

lines are disposed irva plane and at least one of tne 
second signal lines is spaced from the plane. 

12. The package of Claim h^;^er^ia^T^sJ^F 
lines are disposed in a first plane and the second * 
signal lines are'disposed in a second-plane different 
from the firsfplane. 



13. The package of any of Claims 10 to 12, wtierein the"-, 
at least one first signal line and the at least* one sec : "' * 
ond signal line are intersected by a common normal 
of the package. 



from the second differential pair. 

1 6. The package of Claim 1 4 or Claim 1 5 wherein each 
f !of the firsthand second differential pairs includes two 
i ; non-coplanar signal lines. 

17. : A method" fpr assembling an integrated circuit 
| [ device package, comprising the steps of: 

• , ..forming a first layer comprising an encapsula- 
' _ Jton materia^ 

. . -forming a-$econd layer of a conductive material 

■ qyeMhe first layer; 

-forming a thirdJayer of an encapsulation mate- 

] rial over the second layer: 
; forming a fourth layer comprising a first signal 
: ^, ^Jine over the third layer; 
"~«' T ""forming a fifth layer of an encapsulation mate- 
rial over the fourth layer; and 
'forming a sixth layer comprising a second sig- 
nal line over the fifth layer. 



' 1 8. The method of Claim 1 7 wherein the step of forming 
the first and second signal lines comprise forming 
first and second signal lines intersected by a com- 
mon normal of the package. 

19. The method of Claim 17 or Claim 18, further com- 
^ prising the?sleps of: 



20. 



forming- a seventh- layer cf an encapsulation 
" material joyer-.the sixth layer; 
forming an eighth jaye' of a-;conductiye material 
oyer the^seventh layer; and 
'-J^joWfng a ninth layer of an encapsulation mate- 
rial over the eighth layer. 

The method of Claim 19, further comprising the 
step of electrically joining the second and seventh 
layers by way of one or more vias. 



1 4. An integrated circuit device package, comprising: as 



an electronic device; *■ 
a first differential pair of signaiYhes electrically 
connected to the iritegr«teil cjf&jt '9evice;^nd ^ 
a secdnd^iffersntial pair of sighal lines electri- 
cally connected tojthe device.-and .wherein'the 
first differential pair are non : coplanar wittvthe ^ 
second differentiahpairJ „ . . . /~ / T 



15. The package of Claim 14 wherein the first and sec- 
ond differential pairs are intersected by a common 
normal of the package, and wherein the first differ- 
ential pair is spaced along the common normal 
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(54) Improvements in or relating to integrated circuit device packages 



(57) An integrated circuit device package is (!) pro- 
vided which incorporates one or more differential pairs 
(20) of signal lines coupled to an integrated circuit 
device. The differential pairs each include a first signal 
Tline (21*') and a 'secjppd signal Tine (22)7 The first signal 
lines are nojncopteWi: *wi(h the aecjjntl^gnaj Jinej.. J~he 
| first sigh^Vlines'ortFe^aOfteTential palrs^a'y^e^rovl^ed 
| first jpilarie. The secoAd signal ines^^e/dijjerential^^ 
j pairs rnai be pTbvi(reaih~a"secoh"d"ptari^ diffe^entlrorrH 



the first plane. A first ground plane (51 ) is provided adja- 
cent the first signal lines and a second ground plane 
(52) is provided adjacent the second signal lines. The 
spacing of respective signal lines provides, among other 
things, the capability of having a greater density of dif- 
ferential pairs of signal lines within the plaraar area of an 
.IoJegrated circuit device package. ; 
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